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Abstract 
A low power novel architecture for the measurement of module and phase of bioimpedance (electrical 
impedance of body or of a part of it) is suggested. It enables to reach good performances with reduced 
consumption. The circuit has been prototyped and characterized. First tests for breathing rate monitoring 
demonstrated good functionality of the circuit. 
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1. Introduction 
The measurement of the bioimpedance, the impedance of the human body or of a part of it (real and imaginary 
part or module and phase), finds application in multiple fields [1]. Even if this technique is still not well established 
in clinical practice its versatility, simplicity and low cost make it very interesting for the integration in wearable 
systems for remote monitoring of physiological parameters [2]. On the other hand, in this scenario, an optimization 
of power consumption of the circuit is crucial. 
Hardware for bioimpedance measurement is sometimes based on AD5933 (Analog Devices), which represents a 
simple solution but not optimized in terms of current consumption (11 mA). A reduction of power consumption has 
been obtained reducing the duty-cycle [3] or through ASIC design [4]. The first approach is not compliant with 
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applications needing a continuous monitoring of the signal. The second enables to reach very low consumption 
leveraging on the advantages of full-custom design, but presents high costs especially for small volumes. 
Common architectures which have been proposed are shown in Fig. 1. Since the typical working frequencies for 
a bioimpedance system ranges from tens of kHz to MHz, the bandwidth of the current driver and the instrumentation 
amplifiers (IA) needs to be quite large, resulting in increased power consumption. To relax the requirements for the 
current driver output impedance, current sensing is sometimes used (Fig. 1b), anyway in this case two IAs are 
needed. Demodulation is another critical part: it can be obtained through standard demodulators (as in Fig. 1a), 
synchronous sampling [5] or gain and phase detection (Fig. 1b) but it requires two channels. 
2. Device overview 
An architecture which allows managing these issues and reducing power consumption maintaining a good signal 
quality has been identified. The block diagram of the proposed solution is showed in Fig. 2a. The driving current is 
generated starting from a 50 kHz square wave, which is filtered with a second order low pass filter. The blocks 
working at the carrier frequency (IA, demodulator, and voltage to current converter) have been optimized to 
minimize power consumption, as described below. In particular the demodulator has been moved before the IA, so 
that the IA works on the baseband demodulated signal and requirements for the bandwidth of this block are not 
critical anymore. Analog filtering is used to separate and amplify the AC components įZ of the bioimpedance. 
2.1. Demodulator  
The demodulator is realized through AC coupled buffers, with high input impedance and high pass transfer 
function, and sample and holds. Each buffer is used to sense the voltage of one of the sensing electrodes; such a 
voltage is then sampled at the carrier frequency, so to obtain a baseband signal proportional to the impedance seen 
between the sensing electrode and the reference. The IA performs the difference between the two baseband signals 
and provides an output proportional to the bioimpedance ܼ௟௢௔ௗ . Given the operational amplifier, the use of unity 
gain buffers allows reaching the maximum bandwidth; so the gain-bandwidth product of the amplifier can be 
minimized with benefits about power consumption. In our design TSV630 (STMicroelectronics) has been selected 
a)  b)    
Fig. 1. (a) Typical block diagrams for bioimpedance sensing. (b) Current sensing is used 
a)      b)
Fig. 2. (a) Block diagram of the proposed solution. Demodulation is performed before the IA. (b) Automatic calibration for the phase of the 
sampling pulse.
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as operational amplifier for the buffers (current consumption 55 µA, gain-bandwidth product 860 kHz) and LT1789 
(Linear Technology) as IA (current consumption 67 µA). 
The sampling signal is provided by the microcontroller. In order to measure the module of the impedance the 
system shall be able to sample the peaks of the sinusoidal voltage drop on ܼ௟௢௔ௗ . This is obtained through an 
automatic calibration performed by the system at the beginning of the acquisition (Fig. 2b). In particular the phase 
shift between the sampling pulse and the square wave generating the current is changed until the ADC conversion of 
the read back signal is maximized. At the end of the procedure, since the delay introduced by the low pass filter and 
the voltage to current converter is known, the resulting phase shift provides an estimation of the impedance phase. 
This approach allows reaching good precision on the module of the impedance, which is in many applications the 
most important information. A minimum consumption is required, since only one chain is needed and a sample and 
hold is used. Furthermore, it is very flexible, since it is also possible to use a synchronous sampling approach to 
obtain real or imaginary part of the impedance. 
2.2. Current driver 
The voltage to current converter is based on a modified Howland topology (Fig. 3a), in which we inserted a 
capacitor in the positive feedback. The capacitor add a pole to the output impedance expression, such a pole can be 
designed to give, together with the amplifier pole, a couple of complex and conjugate poles providing a peak at the 
corresponding frequency (Fig. 3b). In this way the dominant pole of the op-amp, which in general constitutes the 
deviation from ideality causing the reduction of the output impedance, is directly used for the synthesis of the 
needed circuit properties. High output impedance at the working frequency can be obtained also with a narrow 
bandwidth amplifier, with benefits on power consumption. In this design TSV6390 (STMicroelectronics) has been 
used, it needs only 55 µA of DC current and allows to reach an output impedance higher than 1 M at the working 
frequency of 50 kHz. The amplitude of the current is 100 µA. 
3. Results and discussion 
The circuit has been prototyped on a PCB, and tested to verify the functionality of the module. It has been 
characterized measuring relevant electrical parameters. Then it has been used to measure breathing rate and 
amplitude, to check the good functionality of the device in a real application. 
3.1. Electrical characterization 
The gain precision of the device is influenced by many sources of error, like current precision, sample and hold 
losses and distortion, resistors tolerances and ADC non linearity. To verify the gain behavior, and in particular its 
linearity, a variable load has been connected to the circuit and has been measured. The results are reported in Fig. 
4a: the linearity error was about 0.1 % on a full scale of 120 . 
The noise was measured on 10 acquisitions, 10 minutes long each. The input referred value was about 5 Ɋ௥௠௦
corresponding to 0.05 π௥௠௦. This quite large value was somehow expected: it is caused by the presence of many 
a)               b)
Fig. 3. Voltage to current converter: (a) schematic. (b) output impedance.
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active components (the input buffers and the IA) before the first high gain stage. Furthermore these components, for 
their low power characteristics, are not optimized in terms of noise. Nevertheless the value obtained is enough to 
obtain good SNR for impedance variation of about 1 . 
Total current consumption resulted about 750 µA. It was measured as average current from power supply, so it 
includes also the mean value of the rectified signal current (quasi-sinusoidal, amplitude 100 µA) and all the buffers 
used to generate the references for the circuit. This value, obtained with a discrete components design, is quite small 
and fully compliant with the integration of the circuit in a wearable device for remote patient monitoring. It could be 
further reduced in a full-custom design in a scenario in which the high volumes justified the costs of such an 
approach. 
3.2. Breathing measurements 
In order to check the behavior of the device in a real application, it was used to acquire the breathing signal. 
Electrodes were placed on the chest, horizontally. Injecting electrodes were placed externally, sensing ones 
internally. The distance between the sensing electrodes was 8 cm, while 4 cm were used between the sensing and the 
nearest injecting. Air flow during breathing was also measured through a spirometer (Fig. 4b). Linear correlation 
between bioimpedance signal amplitude and air volume has been reported [6]. This relationship was verified in our 
measure as showed in Fig. 4c. 
4. Conclusions 
A low power architecture for the measure of bioimpedance has been identified. It reduces the consumption in the 
most critical blocks of the system, which are current driver and signal sensing and demodulation. The device has 
been prototyped, electrically characterized and tested in a real biosignal acquisition task, showing a general 
functionality in-line with the design consideration. Thanks to the good functionality and the reduced power 
consumption the module is very suitable for the integration in wearable device for remote monitoring of 
physiological parameters. 
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a)  b)  c)  
Fig. 4. (a) Circuit linearity: measured data (blue line) and best fit line (red line). (b) Acquired bioimpedance signal (up) compared with a 
spirometer (down). (c) Linear relation between the amplitude of bioimpedance and the air volume measured by the spirometer.
